To explore the effects of traditional Chinese medicine constitution (TCMC) on transformation of good health status to suboptimal health status (SHS), we conducted a nested case-control study among college students in China. During the 18-month mean followup time, 543 cases of SHS (42.7%) occurred in 1273 healthy students. There was a significant ( = 0.000) and marked reduction in SHMS V1.0 total score in the case group at the 18-month follow-up (69.32 ± 5.45) compared with baseline (78.60 ± 4.70), but there was no significant change in the control group. Conditional logistic regression analysis showed that respondents reporting Yin-deficiency and Qi-deficiency were, respectively, 2.247 and 2.198 times more likely to develop SHS, while tendency to Yindeficiency and tendency to Damp-heat were, respectively, 1.642 and 1.506 times more likely to develop SHS. However, the Balanced Constitution was a significant protective factor (OR 0.649; < 0.05). Altogether, these findings demonstrate that Yin-deficiency, Qideficiency, tendency to Yin-deficiency, and tendency to Damp-heat appeared to induce a change in health status to SHS, while the Balanced Constitution seemed to restrain this change. We conclude that regulating the unbalanced TCMC (such as Yin-deficiency and Qi-deficiency) may prevent a healthy status developing into SHS or lead to the regression of SHS.
Background
The traditional Chinese medicine constitution (TCMC) is defined as the state of a population or an individual, with relative stability in function, structure, and metabolism, formed during growth, development, and aging under the influence of environmental factors and genetic background [1] . In 2009, criteria for the classification and criterion of TCMC were published by the State Administration of Traditional Chinese Medicine. According to these criteria, the TCMC is divided into nine types, which can be divide into Balanced Constitution and eight unbalanced constitutions, including Qi-deficiency, Qi-stagnation, Yang-deficiency, Yindeficiency, Blood-stasis, Damp-heat, Phlegm-dampness, and Inherited Special Constitution (Table 1 ) [1] . Previous studies have presented evidence in the associations between TCMC and disease, like metabolic syndrome [2] , anxiety/depression [3, 4] , coronary heart disease [5] , carotid artery plaque [6] , and primary dysmenorrhea [7] . However, there is no direct evidence that TCMC are more likely to predispose an individual to a change in health status.
Suboptimal health status (SHS) is the intermediate state between health and disease, which is characterized by perception of health problems, general weakness, and low energy within a period of 3 months and is regarded as a subclinical, reversible stage of chronic disease [8] . The prevention and intervention strategies for SHS are similar to those of preventive, predictive, and personalized medicine (PPPM), which is targeted toward improving health, preventing disease, and treating early-stage disease [9] . Over the years, the concept of SHS has become widely accepted in many countries other than China, such as Japan [10] , Australia [11] , and Papua New Guinea [12] . Our previous investigation had showed that SHS was applicable to 46.0% of our total survey population [13] . Multiple population-based studies have shown increases in the occurrence of SHS [14, 15] . SHS now represents a growing health challenge worldwide. Still, the etiology of subhealth and the mechanism of its development are still unclear. Previously, others have reported that in the crosssectional study unbalanced constitutions are more susceptible to SHS [16] . Accordingly and in view of the importance of TCMC and health status, we put forward the hypothesis that unbalanced constitution might promote a transformation of good health status to SHS. Thus, we conducted a nested casecontrol study among college students in China, which aimed to examine the existence of associations between TCMC and SHS.
Methods

Study Design and Population.
The study was approved by the ethics committee of Nanfang Hospital in Guangzhou, China (2012), LunShenZi (number 035), which also approved the consent procedure. All participants provided informed consent.
The subjects in this nested case-control study were identified from an existing clinic-based cohort established at the Nanfang Hospital in Guangzhou and were consecutively enrolled from the cohort of college students who signed the informed consent form March 2013 to May 2013. Of these, 311 students had to move elsewhere and thus dropped out of the study. In total, 5676 students (1973 men and 3703 women) attended a health examination in the hospital, which included medical history-taking, physical examination, blood hematology and biochemistry analyses, resting electrocardiography, abdominal ultrasonography, and chest radiography. The diagnosis of disease was based on clinical criteria. Any participants diagnosed with clinical disease during the health examination (1431 students) were excluded. The medical report and the Suboptimal Health Measurement Scale Version 1.0 (SHMS V1.0) were used to evaluate health status, and any participants with SHS (2972 students) were also excluded. The detailed process is shown in Figure 1. 
Study Cohort.
After the health condition evaluation, 1273 healthy students (477 men and 796 women, average age 19.09 ± 1.08) were enrolled in our cohort and followed up for 18 months. investigation. The assessment was completed by each volunteer within 30 min. Then the questionnaire was checked by our research staff in order to make sure the data were complete and to remove any nonqualifying questionnaires immediately.
SHS Assessment.
The second part was evaluation of SHS, which was performed according to the clinical guidelines for SHS published by the China Association of Chinese Medicine (CACM) [8] . To measure SHS, we used the SHMS V1.0, which is a multidimensional, self-report symptom inventory developed by our research group in China [17] . The SHMS V1.0 consists of 39 items in total, 35 of which are divided between 3 symptom dimensions (physiological, psychological, and social) and 10 factors. The total scores were then calculated. A low total score represents a high likelihood of SHS (i.e., poor health). Prior to surveying, participants had attended an annual unit health examination in hospital, comprising medical history, a physical examination, blood haematology and biochemical analyses, rest ECG, and chest radiography. After exclusion of participants diagnosed with clinical disease in the health examination by clinical doctors, threshold values for SHS within the physiological, psychological, and social dimensions of SHMS V1.0 were 68, 67, and 67, respectively. If participants were not in SHS with respect to any of these three dimensions (physiological, psychological, and social), they were considered healthy [13, 18, 19] .
CCMQ Assessment.
The third part was the Constitution in Chinese Medicine Questionnaire (CCMQ), which was used to evaluate each volunteer's TCMC. The CCMQ is regarded as the standard measurement of TCMC types recommended by CACM and has been shown in previous studies to have good validity and reliability [20] . The CCMQ consists of 60 items in total, with each item having 5 answer categories, based on the frequency of each symptom (none, occasionally, sometimes, constantly, and always). In the data analysis, these categories were assigned to a five-point scale (none: 1, occasionally: 2, sometimes: 3, constantly: 4, and always: 5). The 60 items were divided into 9 constitution scales. If the score for every unbalanced constitution subtype was ≥40, the person was considered to have an unbalanced constitution; if the score for every unbalanced constitution subtype was ≥30 to <40, they were considered to have a tendency to an unbalanced constitution, and if the score was <30, they were considered not to have an unbalanced constitution. Finally, if the score for every unbalanced constitution subtype was <30 and that of the Gentleness subtype was ≥60, 
Identification of Cases and Controls.
After the 18-month follow-up, the same evaluation methods of health status (the physical examination and the questionnaires) were repeated. Participants were asked if they had experienced any uncomfortable symptoms during the previous month.
The remaining students who still had good health status (judged for baseline) were considered for the control group. In total, 730 students were considered to have good health status, and from these, we randomly selected 543 controls frequency-matched by their sex, age, and grade.
Data Analysis.
All the data were analyzed by SPSS (version 13.0; SPSS Inc., Chicago, IL, USA). Descriptive analyses were performed on all variables and on the prevalence of SHS and CCMQ. Pearson 2 test was used to compare the independent variables versus the dependent variables. Owing to the category matching of the case-control study design, we performed conditional logistic regression analysis to estimate the odds ratios and 95% confidence intervals for the risk of SHS outcome associated with TCMC. All values were two sided and we considered values <0.05 to be statistically significant.
Results
General Characteristics of Subjects.
The detailed distribution of the patients' demographic characteristics is summarized in Table 2 . In total, 543 cases and 543 controls were included. No significant difference was observed between cases and controls for sex, age, BMI, smoking status, or alcohol intake ( = 1.000, = 0.200, = 0.209, = 1.000, and = 0.247, resp.), indicating that there was no significant difference in the additional variables of smoking status, BMI, and alcohol intake between the case and control groups that might have confounded results.
Distribution of TCMC in Cases and
Controls. The numbers and corresponding percentage distribution of TCMC types in the groups are presented in Table 3 . There were significant differences in TCMC distributions between cases and controls among Balanced Constitution ( 2 = 10.022, = 0.002), Qi-deficiency ( 2 = 7.990, = 0.018), and Yindeficiency ( 2 = 12.570, = 0.002). The percentages of Qideficiency and Yin-deficiency (Yes or Tendency) were lower in the control group than in the case group, for example, the Qi-deficiency were taking account of 5.2% in case, while 2.6% in controls; and the Yin-deficiency 10.1% in cases while 5.3% in controls. However, the controls (58.7%) accounted for a higher percentage than the cases (49.2%) in Balanced Constitution. 1273 healthy students. The scores for the individual dimensions of SHMS V 1.0 at baseline and the end of follow-up are shown in Table 4 . There was a marked reduction in SHMS V 1.0 total score in the cases at 18-month follow-up (69.32 ± 5.45) than at baseline (78.60 ± 4.70) and this difference was significant ( = 33.17, = 0.000). There was also a significant marked reduction from baseline versus end of follow-up for three of the individual dimensions: physiological (74.97±8.25 versus 80.63 ± 6.51; = 15.68, = 0.000), psychological (64.43 ± 7.92 versus 76.15 ± 6.06; = 30.90, = 0.000), and social (67.05 ± 10.01 versus 78.70 ± 6.91; = 25.08, = 0.000). However, there was no significant change in the control group.
Mean Scores for the
Conditional Logistic Regression Analysis to Explore the Association between TCMC and SHS.
Conditional logistic regression analysis was used to estimate the odds ratios and 95% confidence intervals for the risk of SHS outcome associated with the TCMC, and the results are shown in Table 5 . After additional adjustments for sex, age, BMI, smoking status, and alcohol intake, respondents reporting Yin-deficiency and those reporting Qi-deficiency were, respectively, 2.247 and 2.198 times more likely to develop SHS, while those with tendency to Yin-deficiency and those with tendency to Damp-heat were, respectively, 1.642 and 1.506 times more likely to develop SHS. However, the Balanced Constitution was a significant protective factor (OR = 0.649; < 0.05).
Discussion
To our knowledge, this is the first study investigating the association between TCMC and transformation of health status. In this study, we found that there was an apparent decline in the SHMS V1.0 total score in the case group with 18-month follow-up (78.60 ± 4.70) compared with baseline (69.32 ± 5.45), and this difference was significant ( = 33.17, = 0.000). There was also a significant reduction from baseline to the end of follow-up in the three dimensions of SHMS V1.0, including physiological, psychological, and social. However, there was no significant difference in the control group. There were also significant differences in Balanced Constitution, Yin-deficiency, and Qi-deficiency between the two groups as measured at baseline. Conditional logistic regression analysis showed that Yin-deficiency and Qi-deficiency appeared to promote transformation of health status to SHS, while Balanced Constitution seemed to be a protective factor against SHS.
There are two forms of TCMC [22] . One is considered the physiological constitution, also known as the Balanced Constitution. According to TCMC theory, Balanced Constitution is a constitution with equilibrium between Yin and Yang. People with the Balanced Constitution are energetic and well-proportioned and find it easy to adapt to their natural environment and social conditions [23] . One study showed that, compared with people with an unbalanced constitution, people with the Balanced Constitution have better physical function [24] . This is a possible explanation as to why Balanced Constitution was the dominant constitution in the control group in this study and was a protective factor against SHS.
The other TCMC form is considered a pathological or unbalanced constitution. Qi-deficiency is one of the most common unbalanced constitutions and is characterized by fatigue, lowly and weak voice, dizziness, and tendency to colds. According to TCM theory, Qi is the basic material that constitutes the human body and maintains the activities of life. Qi provides the energy for the whole body, constitutes blood, and is responsible for metabolic functioning of the body, functioning of all the body organs. All the physiological functions and pathological changes in the human body, including various psychological changes, are considered to be the result of Qi motion [25] . TCM believes that "overwork damages Qi"; thus, with rapid social development, people's lifestyles have altered, with these changes being characterized by intense competition, stress, and fewer breaks, all of which can be summarized as "overwork," and these factors may result in SHS [26] . A previous study showed that Qideficiency is caused by imbalances of substance exchanges between blood and interstitial fluid, leading to an increase in the interstitial liquid volume or a decrease in nutrients and retention of metabolic wastes in interstitial fluid [27] . Compared with Balanced Constitution, there are 11 specific different metabolites of Qi-deficient constitution: betaine, proline, leucine, glutamine, serine, histidine, alanine, nicotinamide nucleotide, isoleucine, aspartic acid, and inositol [28] . These may be the material basis of SHS.
With the social economy development and high pace of life, there are great changes of lifestyle having been taken among people, especially in the youth, such as a tendency to having poorer habits (burning the midnight oil, little exercise, etc.). These habits can lead to complex changes within the body and may eventually lead to damage of the Yin of the body. In the TCM theory, Yin-deficiency means the shortage of body fluid and the decline of moisture, which could result in the hyperactivity of yang, with body organs' function hyperfunction. Yin-deficiency is associated with SHS with varied clinical manifestations, like tinnitus, amnesia, insomnia, dreaminess, dry mouth, and so forth. Many studies have shown that compared with the Balanced Constitution, people with Yin-deficiency have endocrine disorder [29] contributing to a significant rise of serum cortisol and adrenocorticotropic hormone. Subsequent research [30] further suggested that people with Yin-deficiency have downregulation of several genes closely connected with energy metabolism. As the main characteristic of SHS is fatigue, which is the consequence of lack of energy, this may explain why individuals with Yin-deficiency have a higher risk of transformation to SHS.
Improper diet mainly impairs the spleen and stomach, leading to dysfunction of them. And spleen dysfunction is the foundation of dampness: the root of the problem of Dampheat is spleen deficiency. And the main function of spleen is producing nutrient Qi. Spleen deficiency will result in deficiency of Qi and blood. And tendency to Damp-heat will develop to Damp-heat. So tendency to Damp-heat might be associated with change from good health status to SHS. A previous study showed that the unbalanced TCMC (such as Yang-deficiency, Yin-deficiency, Qi-deficiency, Qistagnation, Blood-stasis, and Damp-heat) may be risk factors for SHS by cross-sectional study [31] . In our study, only Qideficiency, Yin-deficiency, tendency to Yin-deficiency, and tendency to Damp-heat made a large contribution to the transformation of good health status to SHS, which is not in accordance with previous findings. This may be due to several reasons. First, we found that the proportions of unbalanced TCMC in the case group were significantly higher than in the control group, but conditional logistic regression analysis showed that only those with Qi-deficiency, Yin-deficiency, tendency to Yin-deficiency, and tendency to Damp-heat had a higher risk of developing SHS. This indicates that they maybe have a far greater impact on changes of health status than the other unbalanced TCMCs. Second, the follow-up time may not have been long enough. The change in health status was a gradual process. We found that there were significant differences in TCMC distributions between cases and controls, and the percentage of unbalanced TCMC in the case group was higher than that of the control group. It is possible that we will obtain more meaningful results after increasing the length of follow-up time in our future studies.
Conclusion
To our knowledge, this is the first study to find that Qideficiency, Yin-deficiency, tendency to Yin-deficiency, and tendency to Damp-heat are significantly associated with the risk of SHS incidence, and they may be able to promote the transformation from good health status to SHS, while the Balanced Constitution may be a protective factor, using Evidence-Based Complementary and Alternative Medicine 7 a nested case-control study. Therefore, we conclude that adjusting unbalanced TCMC (such as Yin-deficiency and Qideficiency) may prevent good health status changing to SHS or lead to the regression of SHS.
Strengths and Limitation of This Study
(i) According to TCMC theory, specific constitution is correlated to certain disease. However, there has been no prospective study to investigate the possible causal relationship between TCMC and health status change. (ii) To our knowledge, this is the first report exploring the nature relationship between TCMC and health status change, using a nested case-control study. (iii) Qi-deficiency, Yin-deficiency, tendency to Yin-deficiency, and tendency to Damp-heat are significantly associated with the risk of SHS incidence, and they may be able to promote the transformation from good health status to SHS or lead to the regression of SHS.
